The necessity of nondestructively inspecting cast steels, weldments, composites, and other inherently anisotropic materials has stimulated considerable interest in wave propagation in anisotropic media. Here, the problem of an ultrasonic beam traveling in an anisotropic medium is formulated in terms of an angular spectrum of plane waves. Through the use of small angle approximations, the integral representation is reduced to a summation of Gauss-Hermite eigensolutions. The anisotropic effects of beam skew and excess beam divergence enter into the solution through parameters that are simply interpreted in terms of the slowness surface. Both time harmonic and pulsed solutions are discussed. Formulas are also presented for transmission of a beam through a curved interface between two media. Examples are given illustrating how this method may be applied to predicting beam patterns during ultrasonic inspections. 
INTRODUCTION
The propagation of ultrasonic beams is a phenomena of widespread interest to a variety of technologies, including sonar, medical ultrasound, and ultrasonic nondestructive evaluation (NDE). The sonar case is the simplest, being governed by a scalar wave equation. In solids, the situation is more complex due to the ability of the material to support both longitudinal and transverse wave solutions. The vast majority of treatments have assumed isotropy of material properties, in which case the wave motion is governed by both scalar and vector wave equations. Although the assumption ofisotropy is often a good working approximation, it is seldom strictly true and often is grossly in error. Glasses and some ceramics may exhibit a high degree of isotropy. However, most metals exhibit some anisotropy due to preferential alignment of the grains as determined by the details of the solidification and/or forming processes. This anisotropy may range from a few percent or less in many aluminum alloys to tens of percents in certain cast steels with high- In the present paper, the beam problem is also formulated in terms of an angular spectrum of plane waves. Through the use of small angle approximations, the integral representation is reduced to a summation of Gauss-Hermite eigensolutions. This represents an extension of previously reported results for the isotropic case. 5'6 This Gauss-Hermite method provides substantial advantages over other methods. Convergence of the summation of eigensolutions can generally be obtained with relatively few terms, resulting in a substantial computational savings over the Green's function and direct angular spectrum of plane waves methods, which generally require extensive numerical integrations to compute the wave field at each observation point. The present method can also treat transmission of a beam through a curved interface in a simple manner with no added computational effort. In contrast, the direct angular spectrum of the plane waves method becomes awkward for other than flat interfaces. The work of Norris, •5'16 while similar in nature to the present method, is restricted to beams of Gaussian shape, whereas the present method can be used to treat beams of arbitrary shape. Finally, a distinct advantage of the present method is that the solution for the evolution of propagating beams can simply be interpreted in terms of well-known physical concepts.
In Sec. I, a general theory for wave propagation in anisotropic media will be presented. The specific cases of Gaussian and Gauss-Hermite beams will be derived with appropriate approximations. Section II will contain an approximate method for treating wave propagation through a curved interface between two (possibly) anisotropic materials. In Sec. III, some examples will illustrate the application of these techniques, and Sec. IV will summarize and give some concluding remarks. where C O i;kt is the elastic constant tensor, and p is the material density. The superscript "0" is used to denote tensor components evaluated in a coordinate system aligned with the axes of material symmetry. This will be dropped in a subsequent section when the axes are rotated to align with the direction of wave propagation. When • lies along certain symmetry directions, there is one longitudinally polarized solution and two transversely polarized solutions. For other propagation directions, the polarization is generally neither parallel nor perpendicular to •. The solutions are sometimes called quasilongitudinal and quasitransverse modes. The general form of these solutions is determined by the symmetry of the material, as reflected by the form of the elastic constant tensor. Detailed discussions for various crystal classes may be found in the literature. 2ø'2• Figure 1 represents an example of a map of inverse phase velocity (slowness) as a function of propagation direction in the x-z plane of a material exhibiting hexagonal symmetry, transversely isotropic austenite. For any propagation direction p, the phase velocity is equal to the inverse of the slowness. A second property of interest is the group velocity, which determines the direction and rate of energy flow. It is well known that the direction of the group velocity is the normal to the slowness surface, and that the magnitude of the group velocity is given by Vg = Vp/cos lp, 
Fresnel approximation
The above presents a general approach to the'computation of the evolution of propagating fields. Given an initial field U(x,y,O,t) the H are computed from Eq. (6), the ½i from Eq. This Fresnel (also paraxial, parabolic) approximation to the slowness surface in the vicinity of the beam axis is a widely used assumption for anisotropic wave propagation. ee-3ø It is well known that the coefficients of the firstand second-order terms in the expansion of the slowness surface govern the beam skew and divergence, respectively.
In addition to this near-axis expansion of the slowness surface, it will be assumed that
i.e., the variation of polarization with propagation direction , I
will be neglected. It might initially be assumed that this is a much weaker approximation than the expansion for (k '•/co), which retained terms to second order in ( 
where we have defined 
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Equation ( 
